
Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 346 012 

A1 



® 



® Application numtser: 89305550.9 
(g) Date of filing: 02.0&89 



EUROPEAN PATENT APPLICATION 

© Int el.": A61M 25/00 



® Priority: 09.06.88 US 204497 


0 Applicant: SHERWOOD lUIEDICAL COMPANY 


1831 Olive Street 


® Date of publication of application: 


St. Louis, IVIO 63103(US) 


13.12.89 Bulletin 89/50 


© Inventor: Bodicky, Raymond Otto 




@ Designated Contracting States: 


5051 Lampglow Ct 


AT BE CH DE ES FR GB GR IT LI LU NL SE 


Oakville Missouri 63218(US) 




Inventor: Crouthier, Ronald 




2382 Capital Landing Dr. 




Chesterfield Missouri 63017(US) 




Inventor: Forney, LeRoy Snyder 




5501 B. Waterman 




St Louis Missouri 63112(US) 




Inventor: SerowskI, Andrew 




1551 Narrows Drive 




Ballwin Missouri 63011 (US) 




@ Representative: Porter, Graham Ronald et al 




c/o Wyeth Laboratories Huntercombe Lane 




South 




Taplow Maidenhead Berkshire SL6 OPH(GB) 



® Angiographic catheter. 



@ An improved non-whip angiographic catheter Fig 
6 has a preselected number of openings 
{42,44.46.48.52) of preselected size, location and 
orientation along the straight portion 20 of the cath- 
eter near the distal tip 40 so as to distribute the 
^ force of the high-pressure dye injection jets while 
^maintaining the non-whip characteristics. At least 
-^one opening 42 in the catheter long portion 20 is 
^provided facing the open end 38 of the tip portion so 
Othat the dye trajectories from the catheter tip open- 
jQing 38 and the catheter long portion opening 42 are 
^qf generally coplanar and perpendicular so as to inter- 
fOfere with each other for improved dye dispersion. At 
Q least two reaction openings 46,48 of predetermined 
size are provided on the opposite side of the cath- 
Qjeter long portion 20 at preselected locations, the dye 
trajectories of these three reaction openings also 
being generally coplanar with the trajectories of the 



first opening and the open end of the catheter tip. 
The special openings have sufficiently small diam- 
eters and are specially staggered so as to reduce 
the possibility of kinking the catheter during place- 
ment of the catheter into position for diagnostic 
angiography. 
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ANGIOGRAPHIC CATHETER 



The invention relates generally to angiographic 
catheters for Injecting a radiopaque material or 
contrast nnediunn Into arteries and/or the heart, for 
radiological diagnostic purposes. More specifically, 
the invention relates to an angiographic catheter 
having a preselected number of dye injection open- 
ings of predetermined size, location and orientation 
so as to provide improved dynamic stability of the 
catheter during high-pressure ventricular angiog- 
raphy so as to minimize the potential risk of caus- 
ing ectopic beats or fibrillation, and also to Improve 
reliability of the angiographic diagnosis. 

In coronary angiography, a tip of a catheter is 
inserted into a brachial, axillary or femoral artery 
and from there advanced into the portion of the 
aorta proximal to the coronary ostia. 

With certain catheters, after the coronary ar- 
teries are located, radiopaque dye is injected for 
visualisation of those arteries. In ventricular angiog- 
raphy, the catheter tip of, for example, a femoral 
ventricular catheter is advanced further into the 
heart, and the dye is then injected for radiographic 
visualization. The dye may be injected at volu- 
metric flow rates of, e.g., ten to twenty milliliters 
per second for several seconds, and at relatively 
high pressure on the order of about one thousand 
pounds per square inch (psi) (approx 70 kg/cm^) or 
more, with a presssure rise time of about 0.5 
second, as is customary. Maximum peak fluid pres- 
sures may reach or exceed 1,300 psI (approx 91 
kg/cm2). 

Various shapes and designs have been pro- 
posed and used for ventricular angiography. For 
example, a catheter may be a generally straight 
catheter with an open end and a plurality of spaced 
sidewal! openings adjacent the open end. In one 
type of loop catheter commonly described as hav- 
ing a "pigtail" shape, a loop is formed on the distal 
end portion of the catheter, extending in a plane 
including the long axis of the catheter. Holes 
through the outer wall proximal to the loop and at 
the end of the catheter produce a dispersed pattern 
of dye injection. 

It is known, however, that movement of the 
catheter tip during angiography adversely affects 
the utility of the diagnostic procedure. Furthermore, 
in some instances the catheter tip movement may 
be potentially harmful to the patient because the tip 
may Impact the heart or vessel walls potentially 
causing fibrillation, asystole or arrhythmia, or may 
even dislodge an arteriosclerotic plaque. Because a 
significant proportion of patients undergoing diag- 
nostic coronary angiography are found to have no 
significant coronary artery disease, there is a gen- 
eral need to reduce risks to the patients which 



arise solely from the diagnostic techniques em- 
ployed. 

In a configuration directed to the problem of 
catheter tip movement, a non-whip catheter is dis- 

5 closed in U.S. Patent No. 4,735,620, Issued to 
Oscar F.Ruiz. The "non-whip" catheter includes a 
curved end resembling the general shape of a 
shepherd's staff or hook, wherein the open end of 
the distal tip faces back in the direction of the 

10 catheter and generally parallel to the catheter. A 
first opening in the catheter sidewall opposed and 
spaced from the distal tip directs an interfering 
stream of dye at the main stream exiting from the 
tip for stream breakup and mixing. A second open- 

75 Ing in the catheter sidewall on the opposite side of 
the catheter from the first sidewall opening pro- 
vides a reaction force so as to prevent movement 
of the catheter at the moment of dye injection. 
While the design of U.S. Pat No. 4.736.620 

20 represents an Improvement over previous catheter 
designs, it has been found the dye exiting the 
reaction force opening of the non-whip catheter can 
stimulate the coronary walls so as to create the 
potential for random ectopic beats or minor ven- 

25 tricular fibrillation so as to render the angiogram 
non-diagnostic. In other instances, the strength of 
the reaction force jet may cause turbulence or 
other undesirable flow patterns within the blood 
vessel or the heart so as to reduce the diagnostic 

30 value of the angiogram. 

The invention provides a catheter for perform- 
ing diagnostic angiography on a patient compris- 
ing: 

a long flexible tubular portion; and 
35 a flexible tubular end portion on one end of the 
long portion, the end portion comprising a curved 
portion and a distal tip portion at an end thereof 
having an opening therein for passage of a first 
stream of fluid under pressure therethrough. 
40 characterised In that the open end of the distal tip 
faces back in the direction of the catheter and 
generally parallel to the catheter, the tip opening 
being positioned so that in use the first stream 
exits the tip portion spaced away from and in a 
45 direction parallel to the long portion, the long por- 
tion has a plurality of openings therein for passage 
of a corresponding plurality of streams of fluid 
under pressure therethrough, the size and location 
and spacing of each one of said plurality of open- 
so ings being preselected so as to provide dynamic 
stability of the end portion when the first and plural- 
ity of fluid streams pass through their respective 
openings, and so as to substantially minimize the 
potential for causing undesired heart beat patterns 
and undesired fluid flow patterns. 
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The invention is summarized In an improved 
non-whip angiographic catheter having a preselec- 
ted number of openings of preselected size, loca- 
tion and orientation along the straight portion of the 
catheter near the distal tip so as to distribute the 
force of the high-pressure dye injection jets while 
maintaining the non-whip characteristic. At least 
one opening in the catheter long portion is pro- 
vided facing the open end of the tip portion so that 
the dye trajectories from the catheter tip opening 
and the catheter long portion opening are generally 
coplanar and perpendicular so as to Interfere with 
each other for improved dye dispersion. At least 
two reaction openings of predetermined size are 
provided on the opposite side of the catheter long 
portion at preselected locations, the dye trajec- 
tories of these three reaction openings also being 
generally coplanar with the trajectories of the first 
opening and the open end of the catheter tip. The 
special openings have sufficiently small diameters 
and are specially staggered so as to reduce the 
possibility of kinking the catheter during placement 
of the catheter Into position for diagnostic angiog- 
raphy. 

It is a broad object of this invention to provide 
an improved non-whip angiographic catheter which 
is dynamically stable in operation and which mini- 
mizes undesirable effects of high-pressure, large 
volume dye flows from the catheter. 

Another object of this invention to provide an 
angiographic catheter which has improved resis- 
tance to kinking during placement into the heart or 
artery for diagnostic angiography. 

Other objects, features and advantages of the 
invention will be readily apparent from the following 
detailed description and the accompanying draw- 
ings. 

Fig. 1 Is a partial top view of a preferred 
embodiment of the improved angiographic catheter 
according to the invention. 

Fig. 2. is a side view of Fig. 1 . 

Fig, 3 is an end view of Fig. 2, from the left. 

Fig. 4 is an end view of Fig. 2, from the 

right. 

Fig. 5 is a bottom view of Fig. 1 . 

Fig. 6 is a partial enlarged cross section of 
Fig. 2 taken along the line 6-6 of Fig. 3. 

Fig. 7 is a partial enlarged cross section of 
another embodiment of an angiographic catheter 
according to the principles of the invention. 

Fig. 8 is a partial enlarged cross section of 
still another embodiment of an angiographic cath- 
eter according to the principles of the invention. 

As shown in Figs. 1-6, a preferred embodiment 
of a catheter 10. in accordance with the invention, 
has a long flexible tubular portion 20 constructed 
from a suitable plastic tubing stock such as singly 



extruded, coextruded, or braided catheter tubing. 
The plastic tubing stock is preferably a coextruded 
polyamide and polyurethane, and is selected to 
give the catheter the desired torque and column 

5 strength necessary to push and rotate the catheter 
while inserting and placing the catheter in position 
in the patient's heart or coronary artery or other 
blood vessel, and also so as to be sufficiently 
strong to withstand high-pressure fluid injection at 

10 pressures on the order of 1000 pounds per square 
Inch (70 kg/cm^). While the long portion 20 is 
shown as being straight, it will be readily under- 
stood by those skilled In the art that various cur- 
vatures of relatively large radius may be formed 

75 therein to aid In insertion and/or positioning of the 
catheter. 

At one end 22 of the long portion 20 is an end 
portion 30 comprising a generally circularly-shaped 
curved portion 32 and a substantially straight tip 

20 portion 34, a bend 33 of small radius separating 
the curved portion 32 from the tip portion 34. It will 
be understood that the particular bend radius used 
may be larger or smaller for the convenience of 
manufacture. As shown, the curved portion 32 ex- 

25 tends in an arc of greater than 1 80 degrees. Again 
it will be understood that other shapes may be 
used, e.g., the tip portion 34 need not be straight 
but instead may be a curved section, or it may be 
desired that the curved portion 32 is not generally 

30 circular but Is instead elliptical or othenfl^ise 
smoothly curved. 

The end portion 30 is preferably constructed 
from a suitable plastic tubing stock as well. The 
end portion 30 should be softer and more flexible 

35 than the long portion 20, and may be made so by 
using a softer plastic material, such as polyure- 
thane alone, or by using tubing stock of reduced 
wall thickness. As shown in Fig. 6, the end portion 
30 has a region 36 of gradually increasing inside 

40 diameter which is attached, fused, drawn over or 
coextruded onto a region 24 of the long portion 20 
of gradually tapered outside diameter. 

The outside diameter of the catheter tubing is 
generally in the range from 4 to 8 French (0.052 to 

45 0.106 inch or 1.32 to 2.69 mm) with an inside 
diameter selected from the range of approximately 
0.030 to 0.080 inch (0.080 to 2.03 mm). In particu- 
lar, for the long portion 20, an outside diameter of 
about 5 French (0.066 inch, 1.68 mm) and an 

50 inside diameter of about 0.046 inch (1.17 mm) is 
preferred. For the end portion 30, an outside diam- 
eter of about 5 French (0.066 inch, 1.68 mm) and 
an inside diameter of about 0.041 inch (1,04 mm) 
is preferred. The total length of the catheter is 

55 generally in the range from 50 to 120 cm, and is 
preferably about 65 cm for a brachial or axillary 
approach or about 100-110 cm for a femoral ap- 
proach. 
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As shown in Figs. 2, 4 and 5, the tip portion 34 
has an opening 38 at the distal end thereof for 
passage of a first stream of flurd under pressure 
from the catheter into the blood vessel In which the 
catheter is positioned. The tip portion 34 is shaped 
and the opening 38 positioned so that the first 
stream exits the tip portion 34 spaced away from 
and doubled back in a direction generally parallel 
to the longitudinal axis of the long portion 20, as 
illustrated by the arrow marked "A" in Fig. 6. Fluid 
flow in the direction marked "A" Is seen after the 
catheter has been passed over a guidewire. as is 
routine in the procedure of placing the catheter into 
position, because the guidewire imparts a predeter- 
mined inelastic deformation to the shape of the end 
portion 30. 

It is understood by those in the art that the 
catheter long portion 20 is generally not straight 
over any large distance more than a few centi- 
meters. Thus It should be understood that, in the 
context of this specification, the "generally parallel" 
flow from the tip portion opening 38 is only locally 
parallel to the long portion longitudinal axis near 
the distal end of the catheter. Furthermore, it will 
be understood that deviations from true parallel are 
encompassed by the invention, such as might oc- 
cur when radiopaque dye is injected at higher 
pressures and flow rates, wherein the curved por- 
tion 30 has a tendency to open or relax slightly. 

According to further aspects of the invention, 
the long portion 20 has a plurality of openings (42, 
44, 46, 48, 52) for permitting a corresponding plu- 
rality of pressurized fluid streams to flow from the 
catheter into the patient's blood vessel or heart. 
The size, location and spacing of each of the 
openings is specially preselected so as to provide 
dynamic stability of the catheter end portion 30 
during fluid injection, and so as to distribute the 
flow forces of the dye jets over a larger area than 
in prior art non-whip catheters. The wider force 
distribution improves the diagnostic value of an 
angiogram by substantially minimizing the potential 
for undesired ectopic beats or ventricular fibrillation 
due to mechanical excitation or "tickling" of the 
heart wall by the fluid jets. 

Also according to an aspect of the invention, 
the diameter or size of each of the plurality of 
openings along the long portion 20 is preselected 
and the openings are staggered on opposite sides 
of the long portion 20 so as to prevent kinking or 
undue bending of the catheter during placement or 
movement in the patient Such kinking may be 
undetectable during the angiographic procedure it- 
self, but its noticed effect is to potentially render 
the catheter more difficult to manoeuvre or position 
accurately. 

At least a preselected first one 42 of the plural- 
ity of openings in the long portion 20 is positioned 



so that its corresponding stream of fluid exits the 
catheter In a direction toward and substantially or 
generally perpendicular to the first stream exiting 
the tip portion opening 38, as illustrated by the 

5 arrow marked "B" in Fig, 6. Once again it is to be 
understood that minor variations from true per- 
pendicularity are within the scope of the inventiion, 
and may result from relaxation of the tip shape, as 
before noted. It may also be the case that the fluid 

70 does not exit from opening 42 perpendicularly to 
the catheter long portion 20. due to the fluid having 
a large velocity component along the long portion 
20, or due to fluid flow phenomena at the opening 
42 itself, the dynamics of which are not fully under- 

75 stood or considered important here. 

In a preferred embodiment, a preselected sec- 
ond opening 44 is also positioned so that its cor- 
responding stream of fluid exits the catheter in a 
direction toward and substantially perpendicular to 

20 the first stream exiting the tip portion opening 38, 
as illustrated by the arrow marked "C" in Fig. 6. 
The openings 42,44 are axially spaced apart along 
the long portion 20 by a preselected first distance 
of about 0.188 inch (4.77 mm) and the first opening 

25 42 is spaced apart from the tip opening 38, away 
from the end portion 30 and along the long portion 
axis, by about 0.188 inch (4.77 mm). 

The fluid flow paths* of openings 38, 42 and 44 
("A", "B" and "C" respectively) are substantially 

30 coplanar, thus causing the fluid streams exiting 
these openings to interfere and mix with each 
other. This interference and mixing enhances dis- 
persion of the radiopaque dye into the blood flow 
for opacification of the blood vessel or portion of 

35 the heart muscle being studied. While such an 
effect has been previously described in connection 
with the use of two interfering flow paths, it has 
been found that the effectiveness of such interfer- 
ence is greatly reduced when either of the paths 

40 are angularly deflected out ot the plane of the other 
by more than 5 degrees. The addition of a third 
coplanar flow path increases the likelihood that 
stream interference and mixing will in fact occur. 
At least two openings in the long portion 20 on 

45 the opposite side from the first and second oepn- 
Ings 42,44 provide the necessary reaction flow 
forces to maintain dynamic stability of the catheter 
end portion 30 during fluid injection. Specifically 
according to a preferred embodiment, three reac- 

50 tion openings 46.48.52 are shown in Figs. 5 and 6. 
A preselected third opening 48 in the long portion 
20 is positioned so that its corresponding stream of 
fluid exits the catheter in a direction opposite and 
substantially parallel to the streams exiting the 

55 preselected first and second openings 42,44, as 
illustrated by the arrow marked "E" in Rg. 6. The 
predetermined location of the preselected third 
opening 48 is between and approximately equidis- 
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tant, aiong the long portion longitudinal axis, fronn 
the preselected first and second openings 42,44. 
As in the case of the interfering flows, minor de- 
viations from true parallelism are within the scope 
of the invention. 

Similarly, according to the preferred embodi- 
ment of the invention now being described, 
preselected fourth and fifth openings 46.52 in the 
long portion 20 are positioned so that their cor- 
responding streams of fluid also exit the catheter in 
a direction opposite and substantially parallel to the 
streams "B" and "C" exiting the preselected first 
and second openings 42,44. as illustrated by the 
arrows marked "D" and "F" respectively, in Fig. 6. 

As is now seen in Fig. 6. all of the flow paths 
A,B,C,D»E,F are coplanar. This results in economy 
and consistency in manufacture. However, the 
openings 46,48,52 may be positioned In different 
manners to achieve the same result, that is, that 
the resultant force of the reaction flow paths D,E,F 
is generally coplanar with the interfering flow paths 
A,B,C. This may be achieved by angularly displac- 
ing the openings 46,48.52 about the long portion 
longitudinal axis in any manner such that the trans- 
verse flow force components, into and out of the 
plane of Fig. 6, substantially cancel out. i.e., have a 
zero resultant force. 

The predetermined location of the preselected 
fourth opening 46 is spaced at the preselected first 
distance axially of about 0.188 inch (4J7 mm) 
along the long portion from the third opening 48, 
toward the end portion 30. The predetermined loca- 
tion of the preselected fifth opening 52 is also 
spaced at the preselected first distance axlaily 
along the long portion from the preselected third 
opening 48, away from the end portion 30. 

As previously described, minor variations from 
truly parallel and perpendicular flow paths are with- 
in the scope of the invention, and are to be ex- 
pected in practice due to the various factors also 
described above. 

The size, or diameter in the case of circular 
openings, of each of the openings is preselected to 
reduce the fluid flow force from any individual 
opening so as to substantially reduce the potential 
for "tickling" or unduly exciting the walls of the 
heart and thereby causing undesired fibrillation 
which may degrade the diagnostic value of the 
angiogram. The opening diameter is also specially 
selected to reduce the tendency of catheters hav- 
ing sidewal! openings therethrough to kinl< or bend 
excessively during insertion or other manipulation, 
such as when the catheter tip is forced against the 
walls of the aorta and the left ventricular valve. 
Furthermore, as can be readily seen in Fig. 6, the 
openings alternate aiong the catheter long portion 
20 between interfering and reaction flow openings, 
further improving resistance to kinking. 



According to the preferred embodiment, the 
openings 42,44,46,48,52 have a diameter of about 
0.030 inch (0.76 mm). Minor variations are not 
considered critical. For example, the openings may 

5 be oval or elliptical without departing from the 
scope of the invention. 

Numerous variations and modifications, in addi- 
tion to those already described, will be plain to 
those skilled in the art. For example. Fig. 7 shows 

70 an angiographic catheter 70 having the same 
shape as the just-described preferred embodiment, 
but the catheter 70 has only one interfering flow 
opening 72 and two reaction flow openings 74,76. 
Fig. 8 shows another alternative embodiment of an 

75 angiographic catheter 80 having three interfering 
flow openings 81,83,85 and four reaction flow 
openings 82,84,86,88. 

Furthermore, the prior art pigtail-shaped cath- 
eter may also be modified according to the princi- 

20 pies of the invention. For example, in a catheter 
having a loop portion at its distal end, Interfering jet 
openings may be appropriately formed on the in- 
side wall of the loop portion, and reaction flow 
openings on the outside thereof, 

25 None of these changes depart from the basic 
spirit of the invention. 



Claims 

30 

1. A catheter for performing diagnostic angiog- 
raphy on a patient comprising: 

a long flexible tubular portion (20); and 

a flexible tubular end portion (30) on one end of the 

35 long portion, the end portion comprising a curved 
portion (32) and a distal tip portion (34) at an end 
thereof having an opening (38) therein for passage 
of a first stream of fluid under pressure thereth- 
rough characterised in that the open end of the 

40 distal tip faces back in the direction of the catheter 
and generally parallel to the catheter, the tip open- 
ing being positioned so that in use the first stream 
exits the tip portion (34) spaced away from and in a 
direction parallel to the long portion, the long por- 

45 tion (20) has a plurality of openings 
(42,44,46,48,52) therein for passage of a corre- 
sponding plurality of streams of fluid under pres- 
sure therethrough, the size and location and spac- 
ing of each one of said plurality of openings being 

50 preselected so as to provide dynamic stability of 
the end portion when the first and plurality of fluid 
streams pass through their respective openings, 
and so as to substantially minimize the potential for 
causing undesired heart beat patterns and undesir- 

55 ed fluid flow patterns, 

2. A catheter as claimed in claim 1, charac- 
terised in that the diameter of each one of the 
plurality of openings (42.44,46,48.52) is further 
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preselected so as to minimize kinking of the cath- 
eter during placement and manoeuvring of the 
catheter in the patient. 

3. A catheter as claimed in claim 1 or claim 2, 
characterised in that at least a preselected first one 
(42) of the plurality of openings (42,44,46.48,52) in 
the long portion is positioned so that its corre- 
sponding stream of fluid exits the catheter in a 
direction toward and substantially perpendicular to 
the first stream exiting the tip portion opening (38). 

4. A catheter as claimed in claim 3, charac- 
terised In that a preselected second one (44) of the 
plurality of openings in the long portion 20 is also 
positioned so that its corresponding stream of fluid 
exits the catheter in a direction toward and sub- 
stantially perpendicular to the first stream exiting 
the tip portion opening (38), the preselected sec- 
ond opening (44) being axially spaced apart from 
the preselected first opening (42) along the cath- 
eter long portion by a predetermined first distance. 

5. A catheter as claimed in claim 4, charac- 
terised in that a preselected third one (48) of the 
plurality of openings in the long portion is posi- 
tioned so that its corresponding stream of fluid 
exits the catheter in a direction opposite and sub- 
stantially parallel to the streams exiting the 
preselected first (42) and second openings (44), 
and wherein the predetermined location of the 
preselected third opening (48) is between and ap- 
proximately equidistant, in the axial direction along 
the catheter long portion 20. from the preselected 
first (42) and second (44) openings. 

6. A catheter as claimed in claim 5, charac- 
terised In that a preselected fourth one (88) of the 
plurality of openings (81,82,83,84,85,86,88) in the 
long portion is positioned so that its corresponding 
stream of fluid also exits the catheter in a direction 
opposite and substantially parallel to the streams 
exiting the preselected first and second openings 
(81 ,83), the predetermined location of the preselec- 
ted fourth opening (88) being at the preselected 
first distance axially along the long portion from the 
preselected third opening (86), 

7. A catheter as claimed in claim 6, charac- 
terised in that a preselected fifth one of the plural- 
ity of openings In the long portion is positioned so 
that its corresponding stream of fluid also exits the 
catheter In a direction opposite and substantially 
parallel to the streams exiting the preselected first 
and second openings, the predetermined location 
of the preselected fifth opening also being at the 
preselected first distance axially along the long 
portion from the preselected third opening but in 
the opposite direction from the preselected third 
opening. 

8. A catheter as claimed in any one of claims 1 
- 7, characterised in that the diameter of each one 
of the plurality of openings being further preselec- 



ted so as to minimize a possibility of kinking of the 
catheter during placement of the catheter in the 
patient. 

9. A catheter as claimed in any one of the 
5 preceding claims, characterised in that the curved 

portion 32 of the end portion 30 is generally 
circularly-shaped and extends in an arc of greater 
than 1 80 degrees, 

10. A catheter as claimed In claim 9. charac- 
10 tensed In that the tip portion 34 at the end of the 

curved portion 30 is substantially straight, spaced 
apart from and generally parallel to the catheter 
long portion 20, 

11. A catheter for performing diagnostic an- 
15 giography on a patient comprising: 

a long flexible tubular portion 20; and 
a flexible tubular end portion 30 on one end of the 
long portion 20, the end portion 30 comprising a 
curved portion 32 and a distal tip portion 34 at an 

20 end thereof having an opening 38 therein for pas- 
sage of a first stream of fluid under pressure there- 
through, characterised in that the open end, 38, of 
the distal tip faces back In the direction of the 
catheter and is generally parallel to the catheter, 

25 the tip opening 38 being positioned so that in use 
the first stream exits the tip portion spaced away 
from and in a direction parallel to the long portion 
20. 

the long portion 20 has at least a first opening 42 
30 therein for passage of a second stream of fluid 
under pressure therethrough, in a direction toward 
and substantially perpendicular to the first stream 
exiting the tip portion opening, 
the long portion 20 has at least second 46 and 
35 third 48 openings therein for passage of third and 
fourth streams of fluid under pressure therethrough, 
respectively, in directions each opposite and sub- 
stantially parallel to the second stream exiting the 
long portion, the second and third openings are 
40 axially positioned along the long portion 20 about 
equidistant from and in opposite directions from the 
second opening 46. 

12. A catheter for performing diagnostic an- 
giography on a patient comprising: 

45 a long flexible tubular portion 20; and 

a flexible tubular end portion 30 on one end of the 
long portion, the end portion 30 comprising a 
curved portion 32 and a distal tip portion 34 at an 
end thereof having an opening 38 therein for pas- 

50 sage of a first stream of fluid under pressure there- 
through, characterised in that the open end of the 
distal tip faces back In the direction of the catheter 
and is generally parallel to the catheter, the tip 
opening 38 is positioned so that in use the first 

55 stream exits the tip portion 38 spaced away from 
and in a direction parallel to the long portion 20, 
the long portion 20 has a plurality of openings 
(42,44,46.48,52) therein for passage of a corre- 
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spending plurality of streanns of fluid under pres- 
sure therethrough, the plurality of openings are 
oppositely disposed In alternating fashion along the 
long portion, first away from the and then toward 
the tip portion, so as to provide dynamic stability of 5 
the end portion when the first and plurality of fluid 
streams pass through their respective openings, 
and so as to substantially minimize the potential for 
causing undesired heart beat patterns and undesir- 
ed fluid flow patterns, and so as to minimize kin- io 
king of the catheter during placement and man- 
oevering of the catheter in the patient. 
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